In this work we present a partially new method to analyze uctuations which are induced by causal scaling seeds. We show that the power spectra due to this kind of seed perturbations are determined by ve analytic functions, which we determine numerically for a special example. We put forward the view that, even if recent work disfavors the models with cosmic strings and global O(4) texture, causal scaling seed perturbations merit a more thorough and general analysis, which we initiate in this paper.
I. INTRODUCTION
At present, two ideas to explain the origin of large scale structure in the universe are primarily investigated:
Perturbations in the energy density of matter may have emerged from quantum uctuations, which, during a phase of in ationary expansion, are stretched beyond the Hubble scale and 'freeze in' as classical uctuations in the energy density of the cosmic uid 1]. These small initial uctuations then evolve according to linear cosmological perturbation theory. A phase transition in the early universe may lead to topological defects which seed uctuations in the cosmic uid 2]. In this case, the uid uctuations vanish initially and evolve according to inhomogeneous cosmic perturbation equations. The stress energy of the topological defects plays the role of the source term. In order for the gravitational eld of the defects to be su ciently strong to seed cosmic structure, we have to require = 4 G 2 10 ?5 , where denotes the energy scale of the phase transition. This yields 10 16 GeV, a typical GUT scale. Topological defects which neither over-close the universe nor die out are either cosmic strings or global defects. The anisotropies in the cosmic microwave background (CMB) provide an important tool to discriminate between di erent models. On very large angular scales both classes of models lead to a Harrison Zel'dovich spectrum of uctuations. For in ationary models this can easily be derived analytically. For defect models, the spectra were originally found numerically 3{5]. Analytical arguments for this behavior are given in 6]. On intermediate scales, in ationary models predict a series of peaks due to acoustic oscillations in the baryon/photon uid prior to recombination 7] . Present observations seem to con rm these peaks even though the error bars are still considerable 8].
Recently, several investigations led to the conclusion that cosmic strings 9,10] and global O(N) defects 11{13]
do not reproduce the acoustic peaks indicated by present data. This led 12] and 10] to the conclusion that models of cosmic structure formation with scaling causal defects are ruled out. However, in a very simple parameterization of two families of more general scaling causal seed models, we were able to t present data very well 13]. We are thus convinced that it is too early yet to completely abandon scaling causal seeds as a mechanism for structure formation. In contrary, we think it is extremely useful to study them in full generality, ignoring in a rst step the physical origin of the seeds. This purely phenomenological point of view is analogous to in ationary models where one sometimes manufactures the in ationary potential to yield the required spectrum of initial perturbations.
To determine the power spectrum of the radiation and matter perturbations induced by seeds, we need to know the two point correlation functions of the seed energy momentum tensor. In this paper we present a simple parameterization of these functions and point out an error frequently made in the literature. We then exemplify our ndings with the large N limit of global scalar elds 14, 15] .
For simplicity, we work in a spatially at Friedman universe. The metric is thus given by 
II. CORRELATION FUNCTIONS OF CAUSAL SCALING SEEDS
We de ne seeds to be any non-uniformly distributed form of energy, which contributes only a small fraction to the total energy density of the universe and which interacts with the cosmic uid only gravitationally.
We parameterize the energy momentum tensor of the seed by
where M denotes a typical energy of the seed and is a random variable. We assume that ensemble averages and and spatial averaging coincide, the usual ergodicity hypothesis. Furthermore, we assume the random process to be spatially homogeneous and isotropic, so that the two point correlation function h (x; t) ( (2) is a function of the di erence y only. Due to the expansion of the universe, which breaks time translation symmetry, we however expect C to depend on t and t 0 and not just on the di erence t ? t 0 . We consider causal seeds. Causality requires C (y; t; t 0 ) = 0; if jyj > t + t 0 :
The two point function in position space thus has compact support which implies that its Fourier transform is analytic.
We de ne a seed to be scaling, if the Fourier transform,
contains no dimensional parameter other than t; t 0 and k. 
kf(k) exp(?ikx) ; (6) and since (x; t) has the dimension of (length) ? 
where F is a dimensionless function of the four variables z i p t 0 tk i and r t 0 =t, which is analytic in z i .
We also require the seed to decay inside the horizon, which implies 1 We neglect the transition from a radiation to a matter dominated universe, which actually breaks scaling, since the scale teq, the time of equal matter and radiation density enters the problem. In numerical examples, we have found that this transition in general leads to somewhat di erent decay laws for the correlation functions at large kt, but it will not alter our main conclusions 
In addition, analyticity implies that the functions F a do not diverge in the limit z ! 0, thus As an example, we have worked out the functions F 1 to F 5 in the large N limit of global scalar eld seeds. Fig. 3 . In Fig. 4 we show A a (r). All the functions, except F 5 which is constrained by Eq. (11) 
III. SCALAR, VECTOR AND TENSOR DECOMPOSITION AND CMB ANISOTROPIES
The energy momentum tensor of seeds is often split into scalar, vector and tensor perturbations, since the time evolution of each of these components is independent. Furthermore, due to statistical isotropy, the scalar, vector and tensor modes are uncorrelated.
A suitable parameterization of this decomposition is ij = ij f p ? (k i k j ? k If it would be solely super horizon perturbations which induce the large scale CMB anisotropies, this could be translated into a ratio between the scalar, vector and tensor contributions to the C`'s on large scales,`< 50. However, since the main contribution to the CMB anisotropies is induced at horizon crossing, x = 1 (see below) the above relations cannot be translated directly and we can just learn that one expects, in general, contributions of the same order of magnitude from scalar, vector and tensor perturbations.
Finally, we want to discuss in some detail the CMB anisotropies induced from scalar perturbations. In this case, the gravitational perturbation equations (see e.g. 19, 20] ) imply
